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PHAGOCYTOSIS AND DEGRADATION OF MELANOSOMES
BY THE MAST CELLS*
SYOZO SATO, MD., ATSIJSHI KUK1TA, MD. AND SHIN-ICHI SATO, M.D.
ABSTRACT
In this electron microscopic study, the melanosomes were always seen as degradative
conglomerates within phagocytie vacuoles of the mast cells of skin lesions of dermal
melanocytosis and blue nevus. Neither individual premelanosomes nor melanosomes oc-
curring free in the mast cells were observed. The present investigation did not find evi-
dence for melanin biosynthesis in the mast cells, but it suggests phagocytosis and
degradation of melanosomes in these cells.
l\'fany microscopic and ultrastructural ob-
servations of the intimate association of mast
cells and pigment cells and the coexistence of
melanin with metachromatic granules in the
mast cells have been reported (1—11). All these
findings have long suggested a capability for
melanin formation in mast cells.
In this paper, the authors report on studies
of lesions of dermal melanocytosis (12) and
blue nevus with an electron microscope. We
conclude that melanosomesi may be phago-
cytized by mast cells. Problems of biosynthesis
of melanin in mast cells and their phagocytic ac-
tivity will be discussed.
MATERIALS AND METHODS
Biopsy specimens were obtained from the skin
lesions of four patients with dermal melanocyto-
sis and blue nevus. The materials were cut into
small pieces, and fixed for 2 hours in ice-cooled
2 per cent osmium tetroxide with phosphate
buffer at pH 7.3. After fixation, the specimens were
dehydrated in increasing concentrations of ethanol
solution, and transferred through two changes of
propylene oxide. All specimens were embedded in
Epon 812. Sections for electron microscopy were
cut with glass and diamond knives on a Porter-
Blum ultramicrotome MT-2 at a thickness of
500 A. They were electron stained with saturated
uranyl acetate and lead citrate for 5 minutes
each. Electron micrographs were taken at direct
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magnification of 5,000 with a Hitachi HU-ilA
electron microscope operated at an accelerating
voltage of 75 Ky.
OBSERVATION
The mast cells of the skin lesions possess a
number of villi-like projections on the plasma
membrane and a round nucleus with indenta-
tions. Rough surfaced endoplasmic reticulum,
mitochondria, ribosomes, fine filaments and
the Golgi complex were observed in the cyto-
plasm. The characteristic mast cell granules,
round or oval in shape, were easily observed.
The internal structure of the mast cell gran-
ides was composed of parallel, scroll or con-
centric lamellae and a granular substance.
Several melanosomes as seen in melano-
phages were found in the cytoplasm of the
mast cells. These melariosomes in the mast
cells were all confined within the phagocytic
vacuoles outside the mast cell granules, and
some of the malanosomes were broken up into
small pieces with a decrease in their electron
density. Individual premelanosomes and mela-
nosomes lying free in the cytoplasm of the mast
cells were not recognized (Figs. 1—3).
DISCUSSION
In light microscopic investigations, Weill
(13), Bertolotto (3), and Quevedo et al. (14)
stated that rat and human mast cells neither
produced melanin pigment nor contributed to
the melanogenic activity of the melanocytes in
the hair follicles and in the epidermis. They
concluded that melanin pigment found in the
mast cells was considered to have been phago-
cytized by these cells. Akai (15) described that
no parallelism was present between the num-
ber of the mast cells and the degree of the skin
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Fxo. 1. A small number of phagocytic vacuoles with degradative conglomerates of
melanosomes found in the mast cells in blue nevus. Mast cell (Mc), Melanosomes
within phagocytic vacuole(m), Melanophage (mp). X 15,700
Fic. 2. Mast cell (top) intimately associated with a dermal melanocyte (bottom)
containing phagocytic vacuoles with melanosomes in the lesion of dermal melanocytosis.
Mast cell (Mc), Melanosome in. phagocytic vacuole (m), Individual melanosome lying
free in dermal melanocyte (M), Basement membrane (bm). X 17150
Fie. 3. Conglomerate of melanosomes within the phagocytic vacuole is seen in the
mast cell of cellular blue nevus. Mast cell (Mc), Melanosome in phagocytic vacuole (m),
Melanophage (mp). X 19.600
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pigmentation in the cases of urticaria pigmen-
tosa and other dermatoses.
On the other hand, Woringer (16) believed
that the mast cells played a role in melanogene-
sis because their number increased in many
dermatoses associated with hyperpigmentation.
Nay (1) found that the mast cells of the mouse
not only produced melanin under certain con-
ditions, but also transformed the eytoplasmie
granules into melanin pigment. Okun (11)
provided evidence that the formation of
melanin was observed in tissue cultures of mast
cells obtained from peritoneal washings of rats.
Pigment cells resemble mast cells in shape
and in size, and may be identified as mast
cells unless proper staining procedures are em-
ployed. Also, fibroblasts, macrophages, and
leueoeytes, which sometimes phegoeytize mast
cell granules from the disrupted mast cells,
are often mistaken for the mast cells (17). Iden-
tification of melanin pigment in mast cells
with the light microscope may be quite unre-
liable. At present, electron microscopy is be-
lieved to be the most suitable technique for the
demonstration and identification of melanosomes
in the mast cells.
Okun et at. (4, 9) reported that there were
certain ultrastruetural parallels between mast
cell granules end the granules of certain dermal
melanoeytes, and non-pigmented granules of
type A epitheloid nevus cells.
In this study, the mast cells showed a char-
acteristic fine structure and they were quite
readily distinguished from pigment cells and
other cells. The ultrastrueture of mast cell
granules is different from that of melanosomes
occurring free in the cytoplasm of the dermal
melanoeytes or disintegrating melanosomes
within the phagoeytie vaeuoles of the melano-
phages. Osmiophilic lamellar structures seen in
mast cell granules were not observed in the
premelanosomes. All melanosomes in the mast
cells were condensed as degradative conglom-
erates within the lysosome-like granules, and
neither individual premelanosomes nor mela-
nosomes free in the cytoplasm were recognized.
These findings suggest that mast cells are not
capable of melanin biosynthesis, and that the
melanosomes synthesized in the dermal pigment
cells may be phagoeytized by the mast cells.
We may say that mast cells are capable of
phagocytosis of melanin granules formed in the
melanin-synthesizing cells.
REFERENCES
1. Nay, T.: Mast cells and hair growth in the
mouse. Aust. J. Biol. Sei., 9: 442, 1956.
2. Ito, M.: Studies on melanin (Report 2). To-
hoku J. Exp. Med., 65: Suppl. 5, 13, 1957.
3. Bertolotto, R.; Mastzellen e tumori melano-
eiti. Riv. Anat. Pat., 12: 983, 1957.
4. Okun, M. R.: Histogenesis of melanoeytes. J.
Invest. Derm., 44: 285, 1965.5. Okun, M. R. and Chorzelski, T.: Meta-
chromatic granules in dendritic cells within
epithelial structures in alopeeia mueinosa.
J. Invest. Derm., 45: 129, 1965.
6. Steigleder, C. K.: Neoplastiseh wuehernde
Zellen der Cutis und Suhcutis, p. 725, Hand-
buch d. Haut- u. Ge.sehl.-kht., Erg.-werke
1/2, Springer, Berlin, 1965.7. Seiji. M., Takaki, Y. and Hidano, A.: Ob-
servation on granules in mast cell of hu-
man skin. Jap. J. Derm., Ser. B, 76: 125,
1966.
8. Steigleder, 0. K.: Mastzellen um Tumoren
der Pigmentbildner. Hautarzt, 18: 9, 1967.
9. Okun, M. R., Grob, P., Edelstein, L. and Lever,
W. F.: IJeber histogenetische Beziehungen
zwischen Mastzellen und Melanozyten.
Fkhigkeit der Mastzellen Melanin zu bilden,
Hautarzt, 18: 489, 1967.
10. Okun, M. R. and Zook, B.: Histologic paral-
lels between mastocytoma and melanoma.
Demonstration of melanin in tumor cells of
mastocytoma and metachromasia in tumor
cells of melanoma. Arch. Derm., 95: 275,
1967.
11. Okun, M. R.: Pigment formation in mast cells
in tissue culture. J. Invest. Derm., 48: 424,
1967.
12. Fitzpatrick, T. B., Zeller, R,, Kukita, A. and
Kitamura, K.: Ocular and dermal melanoey-
tosis. Arch. Ophthal., 56: 830, 1956.
13. Weill, P.: Mastzellenstudien an Sarkommeta-
stascn. Folia Haematol., 23: 185, 1918.
14. Quevedo, W. C., Jr., Lewis, Y. S. and Smith,
D. E.: On the relationship of mast cells and
melanoeytes. J. Invest. Derm., 30: 133, 1958.
15. Akai, S.: The behaviour of the mast cells in
the lesions of dermatoses. Jap. J. Derm., 74:
796, 1964.
16. Woringer, M. F.: Mastocytes et pigmentation
cutanSe. Bull, Soc. Franc. Derm. Syph., 62:
31, 1955.
17. Smith, D. E. and Lewis, Y. S.: Phagoeytosis of
granules from disrupted mast cells. Anat.
Rec., 132: 93, 1958.
